Cycloaurated Ph 3 P=S and Ph 3 P=Se were synthesised by transmetallation reactions from 2-Hg[(C 6 H 4 )P(E)Ph 2 ] 2 (E = S or Se) or 2-HgCl[(C 6 H 4 )P(E)Ph 2 ]; PhP(S)(NEt 2 ) 2 was also cycloaurated via transmetallation reaction.
Introduction
Coordination compounds of tertiary phosphine chalcogenides are well known and a number of reviews are dedicated to complexes with either the oxygen, sulfur or selenium atom of the ligand acting as a neutral η 1 donor to the metal centre.
S,C,S' pincer ligands, 12 a selection of indirectly synthesised Pt(IV) 13 (8 and 9) and Rh 14 (10) compounds containing cyclometallated Ph 3 P=O moieties, and ortho-mercurated Ph 3 P=O and Ph 3 P=S, 15,16 cyclometallated complexes of the heavier transition metal elements have thus far been largely neglected.
Results and discussion

Synthesis and characterisation of organomercury precursors
Cycloaurated complexes are typically synthesised either by direct C-H bond Bennett et al. have shown that the ortho-mercurated bisphosphine complex 11 reacts with either hydrogen peroxide or sulfur to yield the bisphosphine-dioxide 12a or -disulfide 12b respectively. 15, 16 Identifying these compounds as suitable cycloauration substrates, we extended this series of compounds to the diselenide analogue 12c by reaction of 11 with (grey) selenium powder under ultrasonic conditions. The use of ultrasound allows the use of shorter reaction times and lower reaction temperatures than with the more traditional thermal route, e.g. using selenium in refluxing toluene. 18 The selenide 12c is a white, air-stable solid and its 31 P{ 1 H} NMR spectrum shows a singlet at 41.4 ppm with the expected coupling to both 199 Hg (284 Hz) and 77 Se (684 Hz). Electrospray ionisation mass spectrometry (ESI MS)
confirmed that both phosphine groups had been converted to the corresponding selenide, however ions due to mixed oxide/selenide species were also present. As only one compound was observed in the 31 P{ 1 H} NMR spectrum it is possible that loss of selenium and subsequent oxidation is occurring inside the spectrometer. Alternatively, if very small traces of the mixed oxide/selenide species were present in the sample then they would be likely to have a higher proton affinity and therefore ionise more efficiently than 12c. Addition of ; it also indicated that the diarylmercury complex 12b had also been formed (by an ion at m/z 789.093 corresponding to
[12b+H] + , 100%), so an X-ray crystal structure was performed in order to unequivocally characterise the compound. The molecular structure and the atom labelling scheme are shown in Figure 1 and selected bond lengths and angles in Table 1 . The mercury atom is bonded to the ortho carbon of one of the phenyl rings, confirming transmetallation from manganese. In other structurally characterised complexes where tertiary phosphine sulfides are coordinated to Hg(II) the S-Hg bond lengths range from 2.500 Å to 2.761 Å, and the P-S-Hg angles are in the range of 99.31-110.99°.
24,25
The P-S-Hg angle in 15 (86.58°) is extremely acute; most P-S-M angles in coordinated phosphine sulfides fall within the range of 102-116° (see Table 3 ). Microelemental analysis also supports the structure being the mercury chloride species 16.
Synthesis of cycloaurated phosphine chalcogenides
The synthetic reactions are summarised in Scheme 2. X-ray crystal structure analyses of 17b and 17c showed that the compounds are isostructural and isomorphous. The molecular structure and atom numbering scheme of the selenide are shown in Figure 2 , with important bond parameters for both structures presented in Table 2 ; the numbering scheme for the sulfide corresponds to that of the selenide. In each case, a new five-membered metallacyclic ring has formed with the gold bonded in the ortho position of one of the phenyl rings and either a sulfur or a selenium atom as the neutral donor.
Two chloride ligands complete the essentially square planar coordination geometry around the metal. The greatest deviations from the gold coordination planes are 0.0681 (14) 32 In these complexes the chalcogenide atom is not constrained so the intrinsically preferred geometry around the chalcogenide atom can be ascertained. Comparison shows that cycloauration imposes much more acute angles at the chalcogenide atoms (P-E-Au) in the gold complexes. In complexes 17b and 17c the P-E-Au angles are 95.24 (5) Compound 18 crystallised in the space group Pna2 1 , with two unique molecules in the asymmetric unit; one of these molecules is depicted in Figure 3 , clearly confirming the presence of the cycloaurated thiophosphorylic compound. Selected bond parameters are listed in Table 4 . In both independent molecules the coordination around the gold atom is essentially square planar, with the largest deviations from the coordination plane of the metal indicating that the amine-substituted ligand has a greater trans influence than the phenyl substituted ligand.
Spectroscopic and mass spectrometric characterisation of cycloaurated phosphine chalcogenides
The presence of phosphorus in these compounds introduces a powerful ( the phosphorus entering a cyclic environment. 35 The trend is not as obvious in the present chalcogenide series, with only small unpredictable changes between the ligand, orthomercurated and cycloaurated complexes hence other effects must be contributing to the 31 P chemical shift. show similar qualitative stability to cycloaurated C,N complexes, which is interesting as they contain a oxidising gold(III) centre and a potentially reducing phosphine chalcogenide ligand.
Reactivity also appears to be similar to the C,N auracycles: the cis chloride ligands can be replaced by the chelating dianionic thiosalicylate ligand to give a bi-metallacyclic complex which shows better biological activity than the parent complex against the P388 murine leukemia cell line.
Experimental General
General experimental procedures were as described previously. 
Synthesis of PhP(S)(NEt 2 ) 2
PhP(NEt 2 ) 2 (2 mL, 7.9 mmol) and sulfur (0.275 g, 8.6 mmol) were stirred under nitrogen overnight in dry degassed hexanes (50 mL). The solvent was removed under reduced pressure to give a pale yellow oil that failed to crystallise (1.40 g, 62% 
Synthesis of (2-HgClC 6 H 4 )P(S)(NEt 2 ) 2 16
PhP(S)(NEt 2 ) 2 (0.500 g, 1.76 mmol) was dissolved in dry, degassed diethyl ether (20 mL). nButyllithium (0.9 mL, 1.76 mmol) was added dropwise to give a yellow solution that was 
Antitumour assays
Assays to determine the in vitro anti-tumour activity against the P388 Murine Leukemia cell line were carried out by Gill Ellis of the Marine Chemistry Group at the University of Canterbury. The sample was dissolved in the solvent and incubated with P388 murine leukemia cells for 72 h. IC 50 values were determined using absorbance values obtained when the dye MMT tetrazolium (yellow) was reduced to MMT formazan (purple).
X-ray crystal structure determinations of 15, 17b, 17c and 18
In all cases single crystals suitable for X-ray diffraction were grown by vapour diffusion of diethyl ether into a dichloromethane solution of the compound at room temperature. Unit cell and intensity data were collected at the University of Auckland on a Bruker Smart CCD Diffractometer, operating at 89 K; crystallographic details are presented in Table 6 . Absorption corrections were applied by semi-empirical methods (SADABS 48 ).
The structures of 15 and 18 were solved by the direct methods option of SHELXS-97, 17b and 17c by the Patterson methods option. 49 In all cases the heavy metal was initially located and all other non-hydrogen atoms by a series of difference maps. Hydrogen atoms were placed in calculated positions. Refinement was with SHELXL-97.
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An initial inspection of 18 indicated that the two independent molecules in Pna2 1
were possibly related by an inversion centre. A closer examination showed that the heavy atoms (Au, P, N, S and Cl) were related by approximate symmetry but the lighter atoms were not. Attempts to solve and refine the structure in the centrosymmetric space group Pnma were not successful, confirming Pna2 1 . Refinement suggested racemic twinning with 0.76:0.24 occupancy so this was included in the final model.
Supplementary material
Crystallographic data (excluding structure factors) for the structures described in this 
Figure 1
Structure of the complex (2-HgClC 6 H 4 )P(S)Ph 2 15 showing the atom numbering scheme. Thermal ellipsoids are shown at the 50% probability level.
Figure 2
Molecular diagram of (2-AuCl 2 C 6 H 4 )P(Se)Ph 2 17c indicating the atom numbering scheme, with thermal ellipsoids at the 50% probability level. The cycloaurated phosphine sulfide 17b is isostructural, and has a comparable numbering scheme.
Figure 3
Molecular structure of (2-AuCl 2 C 6 H 4 )P(S)(NEt 2 ) 2 18 showing one of the unique molecules in the asymmetric unit. Hydrogen atoms have been excluded for clarity and thermal ellipsoids are shown at the 50% probability level. 
